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(57) Abstract 

Method and device for determining the respiration of respiring material such as active sludge in the form of a con- 
tinuous process current before and after residence thereof in a respiration chamber by means of measuring the oxygen 
content in the continuous process current at a single measurement point in the incoming and outgoing current of the respi- 
ration chamber in relation to the feeding in or feeding back of the process current. Preferably the process current consists 
of a mixture of respiring material and waste water to be biologically purified. 
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Method for determining the respiration rate of a respiring 
material in the form of a continuous process current/ as 
welt as a device suitable for such an application . 

As is known, oxygen-consuming biochemical reac- 

5 tions such as substrate oxidation, nitrification, and 
formation and degradation of cell material and reserve 
substances take place in an active sludge suspension. 
These reactions result in an overall oxygen consumption 
of the suspension and the rate at which said oxygen con- 

10 sumption takes place is therefore a good measure of the 
biological activity of the sludge. Said rate, expressed 
in mass of oxygen per unit volume and unit time is termed 
respiration rate. 

For the purpose of biological waste water purif i- 

15 cation it is of importance to be able to measure the 

respiration rate of active sludge. This can be illus- 
trated by a few examples: 

- The respiration rate may be used as a basis for a 
better process control. Thus, an optimum matching of 

20 the aeration to the oxygen consumption makes it possible, 

on the one hand, to save energy costs for the aeration 
and, on the other hand, to match the effluent quality 
to the standards imposed thereon.' 

- A sudden decrease in the respiration rate measured in 
25 a small-scale test reactor in which partial flows of 

influent and return sludge are combined is an indica- 
tion that the influent has an acutely toxic effect on 
the active sludge. This observation may then result in 
actions which prevent process breakdown. 
30 - In the investigation of the toxicity and a biological 
degr adab i I i ty of environmentally extraneous, substances 
in active sludge, measurement of the respiration rate 
will provide important information. 
The above examples imply the desirability of a reliable 
35 continuous method of measuring the respiration rate which 
preferably can be used on line with a view to automation. 

Methods of measurement known from the state of 
the art are the methods using the manometric principle. 
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i.e. based on the measurement of the volume of oxygen con- 
sumed. Since the introduction of the manometric respira- 
tion measurement, various methods have been conceived 
for improving said measurement. The most well-known em- 
5 bodiment is the Warburg one (Jenkins, 0., 1960, M The use 
of manometric methods in the study of sewage and trade, 
wastes" in: Waste Treatment, Pergamon Press, New York), 
in which the volume of gas is kept constant. General 
disadvantages of the manometric methods are: 
10 - sensitivity to temperature and pressure fluctuations, 

- the performance of the measurement is time-consuming 
and requires considerable experience, and 

- unsu i t ab i I i ty for continuous application and automation. 

Afte'r the introduction of the amperometric oxygen 

15 concentration measurement by means of the Clarck cell 

(Mancy K.H., Okun D., and Reilley C.N., 1962, "A galvanic 
cell oxygen analyser"; J . Electroanal. Chem., A, 65-92), 
the manometric methods have been superseded by the elec- 
trochemical respiration measurements. These are based on 

20 measuring the concentration of dissolved oxygen in an 

active sludge suspension. The measurement of the oxygen 
concentration is relatively simple and lends itself to 
on-line applications. It is possible to correct for the 
effects of temperature and pressure fluctuations in a 

25 relatively simple manner. A distinction can broadly be 
made between two methods: the batchwise or "closed" 
respiration measurement and the continuous or "open" 
respiration measurement. 

Batchwise methods are the most used. In this 

30 case, the respiration rate is determined by measuring the 
rate of decrease of the oxygen content in a sludge sample 
after switching off the aeration and sealing it off from 
the atmosphere (Stack, V.T., 1970, "Method and apparatus 
for measuring rate of consumption of dissolved gas in a 
55 liquid"; U.S. Patent 3,510,406, and Pagge, U., 

and Gflnthner W., 1981, "The BASF toximeter - a helpful 
instrument to control and monitor biological waste water 
treatment plants"; Wat. Sci. Tech., Y5, 233-238). However, 
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said method has the disadvantage that continuous measure- 
ments are not possible. 

In an open respi rometer aeration takes place. An 
equilibrium is established between the supply and the con- 
5 sumption of oxygen. If the oxygen supply coefficient 
(Kla) is known, the respiration rate can be calculated 
directly from the measured oxygen concentration (Parkas, 
1969, "Method for measuring aerobic decomposition activity 
of activated sludge in an open system" - Advances in Water 
10 Pollution Research, 4th Int. Conf. Prague, April 21-25, 

1969 (edited by Jenkins) Pergamon Press, London, December 
4, 1969, pages 309-317, 319-327; Holmberg U. and Olsson 
G., 1985, "Simultaneous estimation of oxygen transfer rate 
and respiration rate"; Modelling and control of biotechno- 
15 logical processes. Preprints/ Proceedings 1st IFAC Sympo- 
sium, Noordwi j kerhout, 11-13 December 1985). The value of 
Kla can in principle be determined by experimental samp- 
ling. The problem in this case is, however, that said 
quantity depends on various process factors and, in addi- 
20 tion, is a function of the respiration rate. 

Closed resp i romet ers are also known in which the 
respiration rate is determined by allowing active sludge 
or comparable respiring materials, such as liquids con- 
taining oxygen-consuming bacteria, to flow through a com- 
pletely closed respiration vessel, the oxygen concentra- 
tion of the incoming and of the outgoing flow of the vessel 
being measured. The problem in this case is the accuracy 
of the separate oxygen sensors in the incoming and outgoing 
flow respectively (Mikesell R.D., (1973), "Method and appa- 
30 ratus for determining oxygen consumption rate in sewage", 
U.S. Patent 3,731,522; Merrell K.C., et al. (1974), "Con- 
tinuous respirometer apparatus", U.S. Patent 3,813,325). 

Figure 1 shows an embodiment of such a continuous 
respirometer. After the repiration chamber, for example 
35 a vessel, which is sealed off from the atmosphere and has 
a capacity V, has been completely filled with liquid, a 
flow rate a of an active sludge suspension is fed into it 
via a supply line. Just before the suspension is fed into 
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said chamber, the oxygen content is measured by means of 
an oxygen measuring cell C-j and the same measurement is 
performed by an oxygen measuring cell when the suspen- 
sion Leaves the unaerated chamber- The theoretical 
5 average residence time can be determined using the formula 
V/Q and the respiration rate by means of the formula 
(C<|-C2> Q/V. A prerequisite for such a measurement is 
that the oxygen content of the suspension should be 
sufficiently high, it being assumed that the content of 
10 the unaerated chamber may be regarded as ideally mixed. 

It has been found, however, that two separate 
oxygen measuring cells may exhibit a different response 
characteristic and ageing pattern. 

It has been found that the disadvantages known 
15 from the state of the art outlined above to effect the 

electrochemical respiration measurements can be eliminated 
if the respiration rate is determined by measuring the 
oxygen content in the continuous process current, which 
consists of respiring material, before and after residence 
thereof in a respiration chamber, which is completely 
filled with Liquid and sealed off from the atmosphere, at 
a single measuring point in the incoming and outgoing cur- 
rent respectiveLy of the respiration chamber in relation 
to the process current fed in or fed back. 

Figure 2 shows a device for carrying out the 
method of measurement according to the invention. In 
addition to the unaerated respiration chamber, for exam- 
ple a vessel, which is provided with supply and drainage 
lines, the device comprises an oxygen measuring cell in- 
30 serted next to said chamber and a pump with a reversible 
direction of rotation. By pumping the sludge suspension 
alternately in both directions, the oxygen content is 
measured in turn in aerated sludge and in sludge which 
has not been aerated for a (residence) time. The res- 
piration rate can be calculated in the manner described 
above. 

Another embodiment is based on reversing the 
direction of flow by means of a valve switching system. 
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Any problems in measuring the oxygen concentration can be 
eliminated by stirring the liquid below the oxygen mea- 
sur ing eel I . 

An important aspect in the precise interpretation 
5 of the measurement data is the hydraulic behaviour of the 
measuring system according to the invention. The reason 
for this is that the sludge in the vessel reflects a situa- 
tion which always Lags behind the situation in the fresh 
sludge by a residence time and cannot therefore be com- 
10 pared with it as such. The hydraulic behaviour is deter- 
mined by measurements of residence time. Once the hydrau- 
lic model has been established, the respiration rate can 
be determined at any instant from the measured oxygen 
concent rat ion . 

15 Moreover, it is known from the literature that the 

measurement of the respiration rate is used to obtain an 
insight into the actual oxygen consumption of an aeration 
tank in a waste water purification plant. Said measure- 
ment may be performed, for example, in accordance with 

20 the standard entitled n 8estimmung der Sauerstof f verbrauchs- 
rate" ("Determination of the Oxygen Consumption Rate"), 
OIN 38,414, Part 6, "Deutsche Einhei tsverf ahren' zur 
Wasser-, Abwasser- und S c h I ammun te r suchung " ("German Stan- 
dard Methods for the Examination of Water, Waste Water 

25 and Sludge"). In this connection, 6. Reinnarth and H. 

Rflffer (1983) (8estimmung der S auer s t of f ve r b r au c h s r a t e n 
von Belebtschlamm) (Determination of the Oxygen Consump- 
tion Rates of Activated Sludge, Vom Wasser 60, 223-235) 
recommend aerating the sludge sample as* rapidly as possi- 

30 ble and then measuring the drop in the oxygen concentra- 
tion. A continuous withdrawal of active sludge followed 
by residence in a closed respiration vessel should then 
yield the oxygen consumption in the aeration tank. 

It has been found, however, that a continuous 

35 withdrawal of active sludge from an aeration tank does 

not immediately yield the respiration rate in the aeration 
tank. In principle, said measurement yields only the 
endogenous respiration rate along with the oxygen 
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consumption as a result of the oxidation of substances 
still dissolved in the water. If active sludge is with- 
drawn from an aeration tank in which the load is below 
the maximum capacity, the respiration rate measured in 
5 the respiration vessel will be lower (for example, 20 to 

30% or more) than the respiration rate in the aeration 
tank . 

According to a special embodiment of the inven- 
tion, the abovement ioned problem is solved in that a nix- 

10 ture of respiring material and waste water to be biologi- 
cally purified is used as the process current in the 
respiration chamber. Preferably, a mixture of respiring 
material and waste water to be biologically purified is 
in this case used as process current which is such that 

15 the volume of the respiration chamber completely filled 

with liquid divided by the rate of flow of the waste water 
supplied to the chamber is equal to the volume of the 
aeration tank from which the process current is withdrawn 
divided by the rate of flow of the waste water supplied 

20: to the aeration tank- 

The respirometer according to the invention can 
be coupled to a digital measuring and regulation system 
(for example, Siemens SMP modular system) which' provides 
for the measurement of oxygen concentration, the calcula- 

25 tion of the respiration rate and the regulation of the 

frequency with which the direction of rotation of the 
pump is reversed. The maximum frequency of reversal is 
determined by the rate at which the signal from the oxy- 
gen- measuring cell reaches an equilibrium value. The 

30 possibility of automatically correcting the measured value 
of the oxygen concentration for changes in atmospheric 
pressure is incorporated in the control program. 
Figure 3 shows a diagram of the measurement arrangement 
in which (1) denotes the supply line of an unaerated 

3.5 vessel, (2) denotes the unaerated vessel, <3) denotes the 
drain line from the unaerated vessel, <4) denotes a mag- 
netic stirrer, (5) denotes the oxygen measuring cell, 
(6) denotes the SMP system, (7) denotes a keyboard and 

I 
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monitor coupled to said system, (8) denotes a data 
storage bank and (9) denotes a printer. 

The presence of computer facilities makes it 
possible to determine quantities related to the respira- 
5 tion rate in an indirect manner. Thus, the biochemical 
oxygen consumption of a waste water can be calculated by 
integrating the measured respiration rate with respect 
to time. Moreover, it is possible to perform on-line 
process regulation on the basis thereof. 
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CLAIMS 

1. Method for determining the respiration rate of a 

respiring material such as active sludge in the form of 
a continuous- process current by means of measuring the 
oxygen content in the continuous process current before 
and after residence thereof in a respiration chamber, 
which is completely filled with liquid and sealed off 
from the atmosphere, characterized in that the respira- 
tion rate is determined by means of measuring the oxygen 
content in the continuous process current at a single 
• measurement point in the incoming and outgoing current of 
the respiration chamber respectively in relation to the 
feeding in or feeding back of the process current. 
2- Method according to Claim 1^- characterized in 

that the feeding in and feeding back of the process cur- 
rent is performed in a manner such that the oxygen mea- 
suring cell is able to achieve at least an equilibrium 
value. 

3. Method according to Claim 1 or 2, characterized 

in that a mixture of respiring material and waste water 
to be biologically purified is used as the process 
current . 

Method according to Claim 3, characterized in 
that a mixture of respiring material and waste water to 
be biologically purified is used as the process current 
which is such" that the volume of the chamber completely 
filled with liquid divided by the rate of flow of the 
waste water fed to the chamber is equal to the volume of 
the aeration tank from which the process current is with- 
drawn divided by the rate of flow of the waste water 
supplied to the aeration tank. 

5 - Method according to one or more of Claims 1-4, 
characterized in that active sludge is used as respiring 
material. 

6 - Device suitable for performing the method accord- 
ing to one or more of Claims 1^5, characterized by at 
least a supply line for the process current, a respiration 
chamber coupled thereto, free of aeration elements and 
sealed off from the atmosphere, at least a drainage line 
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for the process current from said chamber, an oxygen 
measuring cell inserted next to said chamber and a pump 
with reversible directional rotation fitted in said lines. 
7. Device suitable for performing the method accord- 

ing to one or more of Claims 1-5, characterized by at 
least a supply line for the process current, a respiration 
chamber coupled thereto, free of aeration elements and 
sealed off from the atmosphere, at least a drainage line 
for the process current from said chamber, an oxygen 
measuring cell inserted next to said chamber and a valve 
switching system fitted in the lines for reversing the 
flow direction of the process current. 

8- Device according to Claim 6 or 7 , characterized 
by a digital measuring and regulating system coupled to 
the oxygen measuring cell (s) . 

9 - Device according to Claim 6, 7 or 8, charac- 
terized by on-line application for the purpose of process 
control . 
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